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ABSTRACT 

A course intended to upgrade essential reading and 
mathematics skills in students who show poor performance or negative 
attitudes towards school has been developed at A, Lincoln High School 
in San Jose, California. Called Project R- 3 , it seeks to motivate 
students by emphasizing student readiness, subject relevance, and 
learning reinforcement through a varied program of individualized 
instruction, field trips, and gaming and simulation devices. The 
program for 1970-1972 taught grades eight and nine. Average gain in 
basic skills was nine months for reading arid one year for 
mathematics, over seven months of instruction. The contents of this 
report include a complete program description and guide to 
replication, a discussion of the theory of gaming and simulation, and 
sixteen games and simulations to be used in reading and mathematics 
Instruction. (RB) 
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HOW THIS BOOK IS ORGANIZED 



Unlike most books, which are read and set aside, this book is meant to be 
us^d* Each of the three sections is intended to stimulate a particular kind of 
action on the part of the reader. For the educator searching for solutions to 
undermotivation and underachievement in math and reading, the section titled 
"Program Description and Replication Guide" offers information on how these 
problems were successfully attacked in Project B-3- The educator is invited to 
investigate Project R-3 T s methods and consider applying them to serve his or her 
needs • Project R*3 is located at the Abraham Lincoln High School in San Jose, 
California. Interested individuals and groups are invited to come and see 
Project R-3 in action and talk with the Project staff on any matters discussed 
in the "Program Description and Replication Guide. 1 

For curriculum and media specialists, as well as interested teachers, there 
is a section titled "Theory of Gaining and Simulation. 11 This section summarises 
briefly the research which led the originators of Project R~3 to incorporate 
Gaming/Simulat ion as a major component. While it cannot be said categorically 
that educational games and simulations are the most effective learning media, 
they are being used increasingly in the classroom . Also, educational games and 
simulations are increasingly becoming the subject of educational publications, 
conferences, and symposia. The Project R-3 staff believes that the educational 
and motivational games used in their classrooms have been principal contributory 
factors in effecting attitudinal change and improving math and reading skills* 

We strongly encourage the reader to investigate the subject further and to con” 
sider incorporating this educational medium into the curriculum* 

For the classroom teacher, the section titled "Reproducible Games and 
Simulations" offers an assortment of R-3 games and simulations that are "in the 
public domain" and may be used to serve individual needs. The gomes are meant 
to be studied by the teacher, taken out of the book, reproduced, and used in the 
classroom. A brief preface to that section relates the games and simulations to 
skills , etc . 

In sum, this book is meant to be not only a catalyst for action but also 
the action itself- For those who have never employed Gaming/Simulat ion in the 
classroom, or have used it in only a limited way, we urge you to experiment with 
the R-3 games and simulations. We believe you will discover that this medium 
offers an effective and exciting way to liberate the creative potential that is 

in all students - 
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PROGRAM DESCRIPTION AND REPLICATION GUIDE 
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1 A motivational program emphasizing student 
I Readiness, subject Relevance, and learning I 
j Reinforcement through individualized in- | 
I structlon, intensive involvement and gaming/ j 
^simulation, j 



PROGRAM DESCRIPTION 
Objectives of Project R-3 

Project R-3 i 3 based on the philosophy that if a student has the mathematics 
and reading skills necessary to function at grade level, then not only can he 
succeed in other areas of education but also he can succeed in the world of 
work. Based on this philosophy, Project R-3 has as its objective improving 
both reading and mathematics skills. 

The other objectives of Project R-3 are to change the self-image of students 
from one of failure to one of success, and to change their behavior patterns as 
students by providing them with imm ediate success experiences. 

The 1970-71 program included all eighth grade students, and the 1971-72 
program continues the program for these students in the ninth grade, A majority 
of the students exhibit some, or all, of the following character istics : 
o Poor performance on standardized tests 
o Classroom performance significantly below grade level 
o Low level in verbal functioning 
o Negative attitude toward school and education 
o Low occupational and educational aspiration level 
o Expectations of school failure 
High absentee rate 
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The Nature of Project R-3 

The major components of the ninth grade program are reading , mathematics, 
R— 3 (studies in advanced s imula t i on) and intensive Involvements* Project R—3 
was designed jointly by the San Jose Unified School District and the Education 
Systems organisation of Lockheed Missiles & Space Company (now Technioon 
Education Systems) with the help of consultants from San Jose State College, 
Project R-3 includes a curriculum that interrelates reading and mathematics 
with reinforcement through gaming/s imulat ion , intensive involvements (a series 
of extended field trips), parental involvement and an inservic© training 
program for staff development. 

The interrelationship of the components is shown in the figure on the 
following page. The central placement of the R-3 Component -Studies in 
Advanced Simulation is intended to illustrate its pivotal role in the design 
and operation of Project R-3* The essential features are briefly described 
for each component. Replication of Project R-3 requires all components,. It 
is possible, however, that individual components or materials developed for 
the program can be used in other instructional programs. 

There is no evidence that partial use of project materials will achieve 
the same results. The reinforcing nature of the R-3 component would strongly 
indicate that it could he successfully combined with other reading and mathe- 
matics courses. In addition, many of the ganmrg/s imulat ions can be used in 
any classroom to teach or reinforce specific concepts or skills. Each gaming/ 
simulation activity or exercise states its behavioral objectives. 

The main objective of Project R-3 is the upgrading of essential reading 
and mathematics skills. By deeply involving the students in classroom games 
and simulations, the program seeks to motivate them to achieve in learning 
experiences — to make them ready to learn, to make learning relevant , and to 
reinforce positive attitudes and behavior. 
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Components of Project R-3 



Program students are grouped into heterogeneous classes* using an 
objective technique developed by The Rand Corporation, Each class reflects 
the achievement range of the entire program population and has an equal 
distribution of boys and girls. As a result, those students with social or 
behavior problems are distributed among all the classes. In addition, 
heterogeneous grouping provides successful peer models for the underachievers 

Resources Needed 

With the exception of the materials developed for the R-3 component, the 
intensive involvements and some of the mathematics contracts, the project 
makes use of commercially available materials, A wide variety of audiovisual 
equipment is used — overhead, film, and slide projector; tape recorders ; 
language masters ; listening post; microphonos; videotape cameras, monitors, 
and recording consoles; calcu_uitors and typewriters. The audiovisual 
materials include videotapes of lessons and trips, tape-recorded materials 
such as guest lectures, slides and films. 

The materials and equipment used in Project R«3 are of secondary 
importance to the motivational components. Any available standard, published 
materials, especially those emphasising individualized instruction, can be 
adapted to teach subject matter strands of reading and mathematics. 

Minimal remodeling of classroom space was done to improve the environment 
and to add the necessary electrical outlets. Flexible conference-type tables 
and stacking chairs replaced conventional furnishings. 

Personnel 

Personnel f&r tfee program include the director, the assistant director 
and the instructional . The instructional staff of Project R-3 consists 

of regular district teaclmrs who were given a short period of pre-service 
training and continuous in-service training, A desirable, but not necessary, 
criterion for selecting instructional aides from the community was an ability 
to speak Spanish, 

Although Project R-3 operates with a teacher and an instructional aide 
assigned to a classroom of twenty students, there is no evidence to support 



this ratio as a prerequisite. In fact, most of the project staff have 
indicated that a higher student- adult ratio would be feasible. 

Operational Procedures 

Each program student participates in a three-period core of reading, 
mathematics, and R-3 (studies in advanced simalation). Social studies, 
physical education, and one elective subject comprise the remainder of the 
students’ program and are taken with the other ninth grade students. 

In both reading and mathematics classes, emphasis is placed on 
individualized instruction to meet the special needs of each student. 

Program personnel estimate that 70 percent of the classwork is done in an 
individualized learning situation and the other 30 percent in small groups 
of from two to seven students. 

The reading component of Project R-3 utilizes a diagnostic/prescriptive 
approach in a reading laboratory situation. The mathematics component uses 
& diagnostic/ prescriptive approach as well as discovery techniques and 
multisensory inputs. Each student is on an individual progress program in 
both reading and mathematics. Relevance to the students' world is stressed. 
The R-3 component uses a series of motivational materials including gaming/ 
simulations and intensive involvements — extended field trips of two or three 
days' duration. As mentioned earlier, the R-3 component is the focus of the 
propram, utilizing and reinforcing the skills and concepts learned in the 
reading and mathematics components. 

An intensive involvement is a series of learning experiences built 
around a particular theme, and including one or more gaming/s imulat ion 
activities. These two or three day intensive involvements require that 
students and project staff travel to a locale suitable to the activities. 

The highly structured student -teacher relationship is supplanted by a much 
freer atmosphere. Learning experiences conducted outdoors and away from 
class schedules and period bells help to promote this different educational 
environment. After the return from an intensive involvement, classroom 
activities build on the experiences of the students. 



The parental involvement of Project R-3 focuses on drawing parents 
and students together. Every effort is made to involve parents in all 
phases of the project, and regular home visitation by project staff is an 
important component. Parents are invited to visit classrooms and observe 
and participate in learning activities; Spanish-speaking personnel are 
available to assist them at the school. Parents are encouraged to go on 
study trips and to the intensive involvement sites. Dinner meetings for 
parents, students, and program personnel are held periodically in the 
school cafeteria to review progress to date and plans for the future. 

Parents who are unable to attend are sent a newsletter about the meeting, 
one copy in English and one in Spanish, 

Project R-3 in-service training is conducted during the first period 
of the school day. The staff utilizes this time for three periods a week 
for group meetings to coordinate activities, discuss common problems, share 
ideas, and plan ways to tie the major components of Project R-3 together. 

In addition, the R-3 program teachers who teach the same subject also meet 
for the other two periods a week to plan special activities for their 
classes. Other meetings and workshops are held as needed. For example, 
because work on R-3 curriculum was needed, a workshop was held for three 
weeks during the summer. Six of the program teachers and an industry research 
specialist participated in developing the curriculum for the program. 

Evaluation 

Project R-3 contracts for an independent evaluation with the Rand 
Corporation of Santa Monica. The evaluation design provides for an assessment 
of progress toward the goals of the project, both in the areas of achieve- 
ment and attitude. A major part of the effort focuses on evaluation for 
program improvement. Suggestions for program improvement were made to the 
project director. There is evidence that the project has benefited greatly 
from the contributions of disinterested observers. 

Rand also designed a coat model tr^b allowed the project director to 
assess the impact of changes in the program configuration when planning 
future programs or modifying the current program. A method for allocating 
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costs to each component was set up and Implemented, This assured that 
instructional and non-instructional costs could be separately identified. 
Average gain on the California Test of Basic Skills, Form R, level 3 
for project students in the eighth grade was nine months in reading and one 
year in mathematics. This gain was achieved during seven months of 
instruction, and represents a substantial improvement over expected gains 
of four to five months that are generally achieved in a deprived population 
for a comparable instructional period. 
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REPLICATION 

CONSIDERATIONS IN REPLICATING PROJECT R-3 

Many teachers, curriculum coordinators and building administrators are 
reluctant to replicate promising programs because of difficulties encountered 
in, planning and implementing the program,, A specific focus throughout 
Project R-3 has been on the planning procedures necessary for partial or 
total replication of the program. As a result of this focus, several 
problem areas that might be potential obstacles to replication have been 
identified. The best approach to replication is, we believe, a dialogue 
with the current staff as a means to explore ways of coping with these 
obstacles. Since this might not be possible, or practicable, the next best 
approach is to discuss those areas that have been identified as warranting 
consideration. Explicit solutions are not provided because each district 
has its own unique problems and its own program planning practices. Our 
purpose here is to enumerate the cons iderat ions that should facilitate the 
tailoring of Project R-3 to the uniqueness of other districts. These con- 
siderations fall into five broad groups: 

o Preliminary Planning 
o Availability of Resources 
o Program Development 
o Operational Procedures 
o Evaluation Procedures 

Prelimi nary Planning 

o Is there a need for this program in my school (district)? The whole 
program? A part? (if only pant, which part) What in str ume nts 
should be used to determine the student needs? 

o Would a program now under consideration fit into n^r school's (district's) 
organisation and would the local school board approve it? 

o Would the parents of the attendance area support and help plan a 
program? 

o Could the curriculum of the program be developed by the personnel who 
would staff the program, or would it be necessary to work through 
district curriculum coordinators at the district level? 



10 



o How would your district staff a program? 

o Would the school staff (teachers and administrators) receive a 
program and work as a team? 

o What would be the administrators * roles with respect to the program? 
o Who would have direct administrative control of the program? 
Availability of Resources 

Project R-3 can be replicated within reasonable financial constraints. 
There are, however, other resources that are essential to the implementation 
of the program. Most schools, or districts, have the needed resources 
briefly listods 

o Rooms, fixtures and furniture that allow for a student-centered, 
activity-oriented instructional mode, 

o Teachers of average ability and experience who can conduct classes 
in reading and/or math and related motivational activities, 

o Instructional support services such as audio- visual center, 

remedial library center, professional library, depository of text- 
books, and the services of curriculum coordinators. 

Program Development 

The following considerations were relevant to the development of 
Project R-3 i 

o Set realistic goals and keep them highly visible, 

o Specify measurable behavioral objectives for each goal, 

o Choose tests whose content reflects program instructional objectives. 

o Choose tests suitable to item analysis so that individual study may 
be prescribed, 

o Develop and maintain an individual progress record card for each 
component, 

o Carefully consider personalities in matching teachers and aides, 
o Provide a balance between affective and cognitive learning, 
o Do everything possible to maintain the heterogenous grouping of 



students. 



o Recognise that there is no "scope and sequence" in the math and 
reading components, Individualised instruction determines the 
scope and sequence for each student, 

o Stress inductive learning 

o Provide for both the most able and the least able student. 

o Develop a variety* of learning experiences. 

Operational Procedures 

Good operational procedures, both long-range and day-to-day, play a 
vital role in achieving a successful program. Some of the procedures that 
have contributed to the smooth operation of Project R-3 and that merit 
consideration when replicating Project R-3 follow: 

o In-service training sessions for the program staff are conducted on 
a reasonable, brut structured, schedule, 

o All aspects of the program share in the in-service component, 

o Lines of responsibility are defined and maintained, 

o The program staff makes a conscious effort to remain an integral 
part of the total school staff. 

o The program’s schedule is an integral part of the school’s master 
schedule, 

o Program-pnique problems are solved jointly with other school 
problems. 

o Staff duties are clearly defined, written and communicated, 

o One person has overall fiscal responsibility even if each component 
has internal budgetary control, 

o Within the constraints and supervision necessary to insure that the 
spirit of the program is maintained, teachers are allowed as much 
classroom freedom as possible. 

o Students in the program are counseled by regular school counselors 
along with all other students. 



o Minimum standards of student behavior are the same for program 
students as for all other students, 

o Individual progress cards are always available for parent conferences 



Evaluation Procedures 

Evaluation procedures obviously cut across the considerations discussed 
in preliminary planning, program development and operational procedures. We 
are discussing evaluative considerations separately because they are equally 
important in both development and replication of a program. The following 
list is by no means exhaustive, but highlights Project R-3 experience. 

o Evaluation design is closely integrated with all other pre-planning 
activities, 

o Project goals are translated into measurable objectives, 

o Criteria for program success are clearly established, 

o Purposes to be served by the evaluation are stated, i.e., for 

measuring student achievement, for measuring other program objectives 
and for improving the program, 

o Procedures for collecting the necessary data are developed. 

o Evaluation is an on-going two-way continuous process among the 
evaluator, the program administration and the program staff, 

o The results of evaluation are presented in such a way as to support 
cost-effectiveness analysis, 

SELECTED LIST OF PUBLICATIONS PERTAINING TO PROJECT R-3 

1 , Annotated Bibliography of R-3 Materials for Dissemination, San Jose 

Unified School District, San Jose, California, Mimeographed paper, 

2, Gaming/Si mu lation Workshop. Project R-3. Lockheed Missiles & Space 

Company, Sunnyvale, California, 1970. 

3, Hull, Leonard, Description of Project R-3 A.B, 938 Demonstration. San 

Jose Unified School District, San Jose, California. 

4, Project R-3. 7th Grade Intensive Involvement Mother Lode Trip 1970 

Teacher 1 s Guide , Lockheed Missiles & Space Company, Sunnyvale, 
California. 
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5. Project R-3 f 7th Grade Motivational Program. Perceiving Our Wo rld, San 

Jose Unified School District, San Jose California, Mimeographed paper. 

6# Sumner, G# G., Project R^3 Allocation of Students Among Groups , The Rand 
Corporation, P-4584 ? February, 1971* 

7. Rapp, M* La, et* al.. Project R-3. San Jose. Calif ornias Evaluation of 

Results and Development of a Coat Model . The Rand Corporation, 

R-672-SJS, March, 1971. 

8. Rapp, M. L. and G. C. Sumner, Evaluation of Project R— 3. San Jose California , 

1970-^1, The Rand Corporation, WN-7507-SJS, July 1971* 



ADDITIONAL INFORMATION ABOUT PROJECT R-3 



The district has audiovisual documentation of the R-3 program. A slide 
and tape presentation is available, as are several publications prepared by 
the project staff. Arrangements to see the presentations or obtain the 
publications can be made by contacting Mr. Leonard Hull. 

A booklet called It Works (0E--3704G) describes Project R-3 as it existed 



during its first three years of operation. It is available for 25 cents 
from the Superintendent of Documents, U.S. Government Printing Office, 
Washington, B.G. 20402. 

For further information contact* 



Dr# Vernon Broussard 

Chief, Bureau of Program Development 
Division of Compensatory Education 
Department of Education 
721 Capitol Mall 
Sacramento, California 95814 



Mr. Leonard Hull 
Director of Project Rr-3 
555 Dana Avenue 
San Jose, California 95126 

(408) 287-1111 
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THEORY OF GAMING AND SIMULATION 



TECHNICON EDUCATION SYSTEMS BACKGROUND IN GAMING/SIMULATION 

1 Technicon Education Systems has developed a capability for design of 

innovative and effective educational programs in cooperation with school 
districts interested in educational research and exemplary programs funded by 
federal, state, and local agencies- They do not perform studies; but, for 
school utilisation, they do produce materials and procedures that transcend 
the availability of specialized personnel and operate effectively with normal 
school staff. Their programs and products include the development of 7th, 
8th, and 9th grade curriculum materials based on gaming/simulation and in- 
struct ional technology which are designed to stimulate learning interest and 
improve the reading and mathematics skills of junior high school students * 



The Technicon Education Systems group is not composed of educators - It 
is a group of educational program, designers who apply proven components to 
synthesise systems that are effective and reliable in their ability to meet 
the specific learning needs of students. The Education Systems group has 
specialists in instructional technology, science, and media- In addition the 
group can draw on the knowledge of approximately 2,000 professional personnel 
of the parent corporation, which is based on high technology. 

While gaming and simulation have been combined in the work at Johns 
Hopkins and at Northwestern University, the sites of most intensive political 
science instruction by gaming/ s imulat ion, the elements of instructional tech- 
nology have remained separate from instruction based upon games and simula- 
tions. Gaming/ s imulat ion (G/s) incorporated with instructional technology 
is a different method that has evolved from intensive work performed by 
Technicon Education Systems in the public school setting. 
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The combination of G/S with instructional technology techniques has been 
in operation in classrooms of the San Jose Unified School District, with 
measurably significant effects, foi^ five years. Here, the subjects have been 
seventh, eighth, and ninth grade underachieving students. Significant results 
were obtained in another G/S and instructional technology -based program, the 

p 

San Francisco Unified School District's (EDP) Program. 



THEORETICAL BASIS FOR EMPLOYING GAMING /SIMULATION IN THE CLASSROOM 



William C, Morse believes that most delinquent children have developed a 
strong defense against accepting the broader code of society. He also feels 
that these children are quick to learn what they deem useful to them while 
rejecting the routine and drill aspects of schooiwork (William M. Cruickshank 
and G, Orville Johnson, eds., Education of Exceptional Children and Youth , 
Prentice-Hall Inc,, Englewood Cliffs, New Jersey, 195&)- The Technieon 
Education Systems approach is specifically designed to provide the explicit 
relevance and motivational aspects to learning and to instill the broader 
code of society by involving the student in simulated real-life activities, 
(See the group of papers in H.S* Guetzkov, ed.. Simulation in the Social 
Sciences , Prentice-fell, New York, 1962, demonstrates this consistently. 

Also see the set of documents in the American Behavioral Scientis t, 10 , No# 2, 
October 5b November 1966 ) , 

The rationale for utilizing G/S as an instructional methodology for 
underachievers derives much of its justification from the success of G/S as 
it has been applied to different types of learning situations and learner 
needs in several programs over the past ten years, G/S was developed origin- 
ally in the educational frame of reference for adult learning experiences. 

"War games" have been used in the United States for at least sixty years. 
Management simulations have developed nearly concurrently with another variety 
of adult gaming, political games, and both have built upon the same basic 
structure. This structure is generally understood to contrast with conven- 
tional instruction in the following ways: 
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CONVENTIONAL 



GAMING/SIMULATI ON 

A conflict situation is represented 
to involve the learner actively* 

Learner must assume a role* 

Learner is made to realize his own 
control over events chat make up 
the game situation* 

Game controls learner's range of 
meaningful responses through 
structured reference to set of 
rules , 

Team learning is emphasized. 

Cognitive and psyehomotor tasks 
exist in combination. 

Short-term goals and immediate 
feedback is frequently part of the 

g/s , 



Learner function in an observer's 
or audience role . 

No opportunity for role-playing. 

Except for laboratory work, the 
learner has no effect upon events 
represented by textual materials , 

Learner may frequently have free 
associations follow jug exposure 
to unstructured texts and other 
stimuli . 

Individual or solitary learning. 

No psyehomotor activities in most 
classroom situations, 

Most frequently, delayed goals 
and protracted feedback. 



The advantages for g/S in general that have been postulated and, with 
varying degrees of certainty, proven over the past five years are the following. 
Games and simulations are more effective than conventional methods of instruc- 
tion in gaining the interest of learners, and in motivating the learners to 
become more involved with learning activities. ( Simulation Games in Learning , 
Edited by Sarane S. Booeoek and E. 0, Schild, with a Preface by James S. 

Coleman, "Individual and Group Effects on Enjoyment and Learning in a Game 
Simulating a Community Disaster" by Michael Inbar, Beverly Hills, Calif., 

Sage Publications, Inc., 1968, PP* l69ff) 



Games and simulations afford a manageable way for skills practice; 
sensory inputs may be modified through various modes of stimulus equivalence 
so that certain skills are given more intensive treatment than the total 
matrix of skills - some of which may need little attention through practice. 
(Robert M. Gagne, "Simulators," in Robert Glaser, ed.. Training Research and 
Education , John Wiley and Sons, New York, 1965 , PP- 235ff), 
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Games sustain a higher than ordinary interest in subject matter as 
measured by a number of instruments. (Glee H. Cherryholmes , “Some Current 
Research on Effectiveness of Educational Simulations: Implications for 

Alternative Strategies^ *' American Behavioral Scientist , 10, No. 2^ October 
1966, p.5) 

The work on adult education by simulation in the "Jefferson Township 
School District" (reported by John K. Hemphill, Daniel Griffith, and 
Frederiksen, Administrative Performance and Personality , Bureau of Publications 
Teachers College, Columbia University, New York 1962) demonstrated that G/S 
offered a unique process for combining effective and cognitive skills develop- 
ment. "Theory and practice come together more effectively than in conventional 
classroom situations" (Richard Wynn, "Simulation* Terrible Reality in the 
Preparation of School Administrators," in Richard A. Kaimann and Robert W. 
Marker, eds., Educational Data Processing: New Dimensions and Prospects , 

Houghton Mifflin, Boston, 1967 , p. 297 ) • 

Decision-making appears to be truly fitted to the G/S method of instruc- 
tion (Gagne, Simulators , p. 243; Guetzkow, Simulation; James S. Coleman and 
F. Waldorf, "Study of a Voting System with Computer Techniques," Johns Hopkins 
University, Baltimore, 1963 ). And decision-making is at the core of most 
meaningful learning. 

Whether or not critical thinking habits, attitudes, and specific bodies 
of factual data are best handled in a simple game /simulation is subject to a 
divergence of opinion and results that range from negative, through no signif- 
icant difference (when comparison is made with conventional instructional 
techniques), to positive. 'The literature offers a broad choice for the reader. 

There is a set of G/S features that have demonstrable effectiveness in 
various areas of instruction and bearing directly on the needs of the under- 
achieving learner. From the brief list above, most Important is the apparent 
effectiveness of games and simulations to link affective and cognitive skills 
development for the learner. Only by equivalent growth of knowledge and 
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perception does this type of learner become veil-suited to the particular set 
of tasks in his learning environment* 

The modification of sensory input to the learner is a crucial feature of 
g/S that Project R-3 has endeavored to exploit fully* Such modification is* 
in reality , data compression. The learner can well be overcome by the welter 
of incoming visual and auditory stimuli of the real world or even the filmic 
presentation of that world. Data compression, through the structuring and 
arrangement of stimuli to the students in the program, offers an effective 
means for controlling the level of intensity of the first impressions that 
strike the student. 

Other essential features of G /8 that have particular significance include 

a. Efficacy . An noted by most analysts of G/S, gaming provides an 

opportunity for the learner to experience a sense of his own control 
in dealing with inputs. As he performs tasks and manipulates the 
inputs, he observes directly the results of his individual contri- 
bution. Boocock, Experimental Study , p. 1 6 , notes this; and Jerome 
Bruner, Toward a Theory of Instruction , Belknap Press, Cambridge, 
Massachusetts, 1966 , p. 135, identifies the function of rules and 
structure in a game to be one of limiting "anticipated consequences 
of activity, M of programming the learner so that he has a feeling 
more redolent of control than of impulse and randomness. 

b- Removal or Mediation . Symbolic representation of real world, iso- 
lated activity, limited impact, and Indirect involvement provide an 
insolation from the consequences that would result from the real 
activity that is simulated. Students can practice, can explore and, 
as a result, can learn more fully. Bruner puts this in terms of the 
play component of the instructional game /simulation: "Play serves 

the function of reducing the pressures of impulse and incentive and 
making it possible thereby for intrinsic learning to being." (Vfyrm, 
Simulation, Terrible Reality , p. 297* states that "simulation permits 



the learner to profit from mistakes that might be disasterous on the 



c. Introspection . Because the learner is removed, from the real world, 
he is permitted an inward analysis of his own motives and attitudes 
and an examination of hie internal decision process. He is afforded 
the opportunity to develop an inner dialogue and to build insight to 
the point of introspection, "Simulation permits a degree of intro- 
spection rarely provided on the real job" (Wynn, p. 298 )* 

d. Empathy . This feature of learning by G/S has been pointed out, but 
never accurately quantified, by nearly every student and designer of 
games. (See Robinson, Simulation, p, 112.) This facet of G/S affords 
the pupil an understanding of the effect of environment on others, 
the external impact of decision-making, and insight into others' 
problem- solving processes. 

e. Colle a gueship . The term comes from E. Gross, "A Functional Approach 
to Leisure Analysis," Social Problems , 9, Wo. 1, Summer 1961 , p. 5* 
Gaming and simulation, by introducing restricted elements of the 
outside world into the learning situation where people are working 
and learning together, facilitates team learning and team identifi- 
cation. If all the elements of the real world are incorporated, 
tensions arise and the team role disintegrates. (See Robert F. Bales, 
"Adaptive and Integrative Changes as Sources of Strain in Social 
Systems," in A. Paul Hare, Edgar F. Borgatta, and Robert F. Bales, 
eds.. Small Groups , Knopf, New York 1955 , PP* 127 * 131 •) 

f. Time Compression * Closely related to e. above is this element of 

g/Sj Robert E. Ohm, "General Instructional Simulation: An Exploratory 

Model," p. 306, states that, on the basis of research and development 
in the field, "gaming the group process provides a short cut to the 
establishment of certain essential group process elements." (Kaimann 
and Marker, Educational Bata Processing. ) 

Games and simulations offer an excellent means for introducing concepts 
and developing fundamental skills in underachieving students. Most likely, 
the Component of play in games/s imulat ions for young learners allows tension 
reduction and the limitation of the consequences of gaming activity; this. 





according to Bruner* is essential for uninhibited and pleasurable learning to 
transpire* Play has also been identified as a great motivator for teaming or* 
in Bruner f s terms* for reciprocity which "involves a deep human need to 
respond to others and to operate jointly with them towards an objective." 

(p* 9^) Huizinga states that* 

Closely connected with play is the idea of winning- Winning* however* 
presupposes a partner or opponent; solitary play knows no winning* and 
the attainment of the desired objective here cannot be called by that 
name. What is - winning * 1 and what is ‘won? 1 Winning means showing one- 
self superior in the outcome of a game. Nevertheless* the evidence of 
this superiority tends to confer upon the winner a semblance of super- 
iority in general. In this respect he wins something more than the game 
as such* He has won esteem* obtained honor; and this honor and esteem 
at once accrue to the benefit of the group to which the victor belongs . 
Here we have another very important characteristic of play: success won 

readily passes from the individual to the group. (Johan Huizinga* Homo 
Ludens; A Study of the Play Elements in Culture * Beacon Press* Boston 

1955. ) 

The firial element to be described here is that of the structuring of the 
data input to the learner. Structure could as readily be the single term to 
describe the outstanding feature of G/S as any other* for virtually every 
aspect of a game or simulation has demonstrable characteristics that are 
recognizable for their effect only within a matrix linking all of the other 
G/S characteristics. So it is that one may discuss the elements of a game* 
or what it is that constitutes the game* only be referring to the attributes 
of the game (the descriptors of the elements ) . But neither of these can be 
analyzed without reference in some detail to the game activities which in turn* 
are given meaning and regulation by game plans (the policy and doctrine that* 
nor surprisingly* refer back to the game elements). 

Structure may be viewed in terns of time or in terms* more or less pure* 
of space. To link time and space in reference to the learning individual and 
his perception of incoming data is* as the last few hundred years attest* no 
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simple matter, (See, for a recent critique, Edwin G. Boring, History , 
Psychology, and Science: Selected Fapers , John Wiley, New York 1963 ; 

in particular "Psychophysiologleal Systems and Isomorphic Relations," pp. 287- 

303.) 

Jerome Bruner makes the case for structure as it facilitates the trans- 
fer of not only spec If ic skills hut general principles and concepts from one 
situation to the next. ( The Process of Education , Vintage Books, New York, 
1963, pp, 1 ? - 32 .) 

Whatever the underlying psychophysical or psychogenic realities, a most 
frequently indicated benefit of the gaming/s ixnulat ion mode of instruction has 
been the dynamic-purposive structure imposed on all aspects of the learning 
situation. This includes data presentation, problem formulation, operations, 
reward system, payoff or results of learning activities. Project R -3 con- 
sistently utilizes structure throughout the G/s application, employing some 
of the basic techniques of instructional technology; e.g., behavioral objec- 
tives are added to the game strategy in order to ensure instructional efficacy. 



REPRODUCIBLE GAMES AND SIMULATIONS 



INTRODUCTION 

The format of the following R-3 games and simulations is intended to sim- 
plify their use in the classroom- Each game or simulation begins with a page that 
summarizes it, states its learning objective(s) ("SOLO" = statement of learning 
objective) and itemizes the ancillary materials required, if any* A Teacher's 
Guide, with information on points to be stressed, room set-up, etc. follows. Each 
packet of material also contains the student's materials. 



REPRESENTATIVE R-3 GAMES AND SIMULATIONS 

The games and simulations in this book are drawn from the R-3 7th, 8th, and 
9th grades- The diversity of subjects and titles is explained by the fact that 
each grade level has a particular theme (7th: Perceiving Our World, 8th: World of 
Work, 9th; Governing Our World). In each grade level there are "Units" consisting 
of one-, two-, or three-week "clusters," or subthemes. The following selection de- 
monstrates the divergent approaches and uses of gaming and simulation as used in 
Project R-3; 



SELECTION MATRIX 



Primary Secondary 



R- 3 Game / S imulat i on 


Exercised Skill(s) 


Content Area 


Content Area 


Survival in Space 


Math. 


Math 




Sci. 


Hip. Town Junk Problem 


Math. , Rdg. 


Soc . 


St. 


Math* 


Moving Day for the Lemmings 


Follow Oral Instr. 


Math, 






Race to the Hospital 


Follow Oral Instr. 


Sol. 


("ESP" ) 


Math. 


Classroom Teaching Contest 


Verbaliz., Math., Rdg. Soc, 


St, 




Submarine Escape and Rescue 


Lang* Arts, Math. 


Sci. 




Math. 


I, Yankem, D.D.S. 


Rdg. 


Sol. 






Loan Officer’s Simulation 


Rdg. , Math. 


Soc . 


St. 


Math. 


Transportation Commission Study 


Rdg., Math. 


Soc , 


St. 


Math* 


Business Telephone Call 


Rdg. , verbaliz. 


Soc . 


St. 




Light Bulb Inspector's Simulation Follow Oral Instr. 


Sci. 






Railroads: Passenger Service 


Rdg, 


Soc . 


St. 




Sewage Treatment Plant Study 


Rdg. 


Sci* 




Soc. St. 


The Ringelmann Chart 


Rdg,, Math. 


Sci. 




Soc. St. 


Car Count and Pollution Forecast Rdg. , Math. 


Sci. 




Soc . St . 


Hurricane Warning Game 


Rdg,, Math. 


Sci . 




Soc . St * 



HOW TO USE R-3 GAMES AND SMULATIONS IN YOUR CLASSROOM 

Read the Summary Page and Teacher's Guide a few days before you conduct the ac- 
tivity. Refer to the Materials List and obtain the required items. Remove and re- 
produce the pages or Student Materials. When you conduct the activity, be prepared 
for encores ! 
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Activity 2 

SURVIVAL. IN SPACE 



SUMMARY 

Students pair up, each with his own gamesheet. In turn, each throws a die three 
times, reads numerical quantities from three horizontal bar graphs, and copies 
the quantities onto an appropriate "track 11 leading to a satellite. Periodically, 
both students tally the quantities they have recorded thus far to "see how well 
they are doing, " The object of the exercise is to see which player can deliver the 
larger quantity of necessities to the spaceship. 



1, The student can read numerical quantities from a horizontal bar graph. 

2. The student can copy numerical values onto appropriate areas. 

3* The student can add columns of one- and two-digit numbers , 

MATERIALS 

• Two "Survival in Space” gamesheets for each student 
® One die for each pair of students 
9 Pencils 



SGLO r S 
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TEACHER’S GUIDE 

Conduct a brief discussion on the things man absolutely needs to survive. 
After students establish that man's necessities include oxygen, food, and 
water, ask how these are provided to astronauts. 

Ask how man’s needs in an orbiting space station would be supplied, and 
establish the idea that materials must be brought up because the space 
station is ”cut off” from the world. 

Tell students they will compete in an exercise that deals with supplying a 
space station. Using an overhead projector, display the ’’Survival in 
Space” gamesheet, and explain how the competition will be run. 

Students (each with his own gamesheet) are in one-to-one competition. 

Each pair of students has a single die, (If there is an extra student, he 
joins a pair, and that group becomes a three-way competition). 

Explain what is shown on the gamesheet. There are three types of supply 
rockets that carry survival materials to the space station — one rocket 
delivers oxygen, another delivers food, a third delivers water. Each 
rocket flies along its own course, (Point out tracks. ) 

The object of the exercise is to see which player can deliver the greatest 
amoui Jc of materials to the space station. For each pair of players, there 
will be a winner* There will also be an overall class winner (the player 
with the largest score). 

Each pair of players plays the game as follows- Each player rolls the 
die* High number goes first. The first players rolls, looks at the graph 
titled ’’Pounds of Oxygen,” and copies the number onto the oxygen ’’track” 
on the gamesheet (If the player rolls a "2” he copies ”3" onto the track). 
Each player rolls the die three times during his turn. The first time, he 
reads an oxygen value and enters it on the oxygen ’’track”; the second 
time he rolls, he reads a food value and enters it on the food "track”; 
the third time he rolls, he reads a water value and enters it on the water 
"track. ’’ After three rolls of the die, that player* s turn is over, and the next 
player may roll the die three times. 
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9. When the players reach the space below the tally line, they total (on a 

sheet of scrap paper) the quantities written down thus far. This permits 
opponents to compare results up to that point. After comparing scores to 
that point, they resume the exercise, 

ID, When the players arrive at the space station ("End"), they add up all totals 
and show their scores to the teacher* The teacher records all totals to 
determine the overall game winner, 
li* The game may be repeated using a fresh gamesheet. 
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THIRD 

THROW 

OF 

DIE 




5 10 15 20 25 30 35 

POUNDS OF WATER 
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THROW 4 
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4 6 8 10 12 

POUNDS OF FOOD 
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Activity 5/6 

THE HIP TOWN JUNK PROBLEM 



SUMMARY 



This activity is scheduled for two days. 

Students perform simple arithmetic calculations on three imaginary methods for 
solving "Hip Town 1 s M junk problem. Each student selects a method according 
to die criteria that define the best one. Enough information is given for the 
student to select the best of the three methods. Subjective information is added 
to complicate the selection. 

Students are asked to form groups according to the method selected. Each group 
elects a leader, who speaks in favor of its method. With the teacher moderating, 
students have the opportunity to criticize and defend the various methods. Final- 
ly, a vote is taken, and the "best method" is selected. The teacher points out 
the differences between arguments based on quantitative (numbers) and qualitative 
(values) information as presented in the activity. 

BOLO r S 

1. The student can add columns of digits, 

2. The student can compare numerical quantities written with either numbers 
or words. 

3* The student can read a word problem and answer questions by checking 
"yes" or "no* " or by writing numerical quantities. 



MATERIALS 



Pencils 
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1 . 



2 . 



3, 

4* 

5. 

6 . 



7, 



8. 

9. 

10 , 



11 . 



12 , 

13. 




TEACHER’S GUIDE 

Spend a few minutes discussing the problem of waste disposal in modern 
society. Ask students to tell what they know of the manner in which their 
city disposes of waste. 

Ask students to speculate on how waste would be disposed of if society started 
generating huge quantities of waste. What could be done if we wore paper 
clothes that we threw away after one wearing? What could be done if we 
junked our cars after using them for only six months? 

Tell students that this activity is based on such a problem in an imaginary 
place called Hip Town. 

Pass out the Hip Town Junk Problem packet. 

Have students read to themselves from items 1 through 10. Review with 
them what they are to do. 

Have students do the arithmetic exercises on the page titled ’’Looking into 
Hip Town’s Junk Problem, ” When all are ready, refer them to the next 
three pages (The Atom Smasher, Alum Rock Park, The Sea Monster). 

Have them fill in the bottom of each sheet. 

After all students have filled in the three pages, ask them to decide which 
group they wish to join. Separate the groups (have students carry their 
activity packets with them). 

Have each group elect a leader to speak for its method. 

After each leader has spoken, open a discussion and encourage debate. 

Only one method (The Sea Monster) satisfies all the criteria for the best 
method. The Sea Monster method is best because it is fastest and cheapest. 

All arguments based on qualitative data (such as value judgments) are 
beside the point. 

Ask students to vote on the best method. Point out the rationale for 
selecting the Sea Monster as the best method. 

If only two groups are formed, proceed as described above. 

If all students, select the same method, have students explain their reasons 
orally or in writing. Have selected students read their written compositions 
aloud. (If they have all picked a wrong method, use questions to help them 
discover the error. ) 

5/6-2 Activity 5/6 
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Activities 5 and 6 
THE HEP TOWN JUNK PROBLEM 



1, Hip Town is running out of dump space. Look at what is happening 
(Figures 5/ 6-1 and 5/ 6-2), 







Activity 5/ 6 



You must figure out what to do about the problem. 

There are three different ways to solve the problem. You must pick the 



best one. Here are the three ways: 

A. Use an atom smasher to turn the junk into electricity: 




B, Fill up Alum Rock Park with the junk- 




C. Feed the junk to the sea monster: 
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4. Each way has good points and bad points. 

5. To find the best way* you must first look into the Hip Town junk problem, 

6. Then you will be able to compare all three ways, and you will be able to 
pick the best one. 

7. If you think the atom smasher is the best way, you will belong to the Atom 
Smasher Group. If you think filling up Alum Rock Park is the best way, 
you will belong to the Alum Rock Park Group, If you think the sea monster 
is best, you will belong to the Sea Monster Group. 

8. Each group will elect a leader. The leader of each group will tell why its 
way is the best. 

9. Everyone in the class may ask questions and speak up for his group* s way, 

10. When everyone has had a chance to talk, the whole class will vote for the 

best way. 

BEFORE YOU CAN PICK A WAY OF GETTING RID OF THE HIP TOWN JUNK, 
YOU MUST LOOK INTO THE PROBLEM. START ON THE SHEET TITLED 
"LOOKING INTO HEP TOWN'S JUNK PROBLEM. ff 
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LOOKING INTO HIP TOWN'S JUNK PROBLEM 



FIRST 



Figure out how much junk is piled up in Hip Town, Hip Town must get rid of 
that junk. 

• There are 500 tons of junk piled up all over Hip Town's streets. 

• There are 1, 500 tons of junk in the Hip Town dump. 

TOTAL tons of junk to get rid of 



SECOND 

Figure out how much junk is made in Hip Town each year, 

10 tons of wrecked cars each year 
10 tons of garbage each year 
15 tons of ashes each year 
5 tons of scrap paper each year 
10 tons of broken bottles each year 
TOTAL ___ tons of junk made in Hip Town each year 

THIRD 



Fill in the blanks from the two TOTALS above 

• Hip Town must get rid of tons of junk. 

• Hip Town makes tons of junk a year. 

YOU WILL HAVE TO USE THESE NUMBERS LATER. 

To solve the Hip Town junk problem, you must pick a way that: 

(1) gets rid of all the junk piled up all over Hip Town's streets; and 

(2) gets rid of the junk that Hip Town makes every year ; and 

(3) gets rid of all the junk in the fastest possible way ?, and 

(4) costs the least money to get rid of all the junk, 

-5- Activity 5/6 
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THE ATOM SMASHER 



Here is the Atom Smasher: 




FACTS ABOUT THE ATOM SMASHER 

1 . The Atom Smasher can take in junk and turn it into electricity. 

2. The Atom Smasher costs $i million dollars to build. It costs nothing to run. 

3. The Atom Smasher can take in 55 tons of junk a year. 

4. There is a volcano (mountain) nearby that blows up every few years. There 
is no way to know when the mountain will blow up. 

NOW ANSWER THESE QUESTIONS: 

1. Can the Atom Smasher get rid of all the junk piled up all over Hip Town’s 

streets? YES NO 

2. Can the Atom Smasher get rid of all the junk that Hip Town makes every year? 

YES NO 

3. How much junk can the Atom Smasher take in each year? TONS 

4. How much does the Atom Smasher cost? DOLLARS 
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ALUM ROCK PARK 




FACTS ABOUT ALUM ROCK PARK 



1. It would take five hundred years to fill up Alum Rock Park with all the junk 
made in the United States. 

2. The airlines will carry Hip Town's junk and drop it into Alum Rock Park for 
$1, 250, 000. 

3. The airlines (planes) can carry 50 tons of junk a year and drop it into Alum 
Rock Park. 

4. If junk is dropped into Al um Rock Park, in five years it will smell so bad, 
you will never be able to go there and enjoy it. 

NOW ANSWER THESE QUESTIONS; 

Can Alum Rock Park be used to get rid of all the junk piled up over Hip Town's 
streets? YES NO 

Can Alum Rock Park (and the planes) be used to get rid of all the junk that Hip 
Town makes every year ? YES NO 

How much junk can the planes drop into Alum Rock Park each year? 

TONS 

How much will it cost to use planes for dropping junk into Alum Rock Park? 
DOLLARS 
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THE SEA MONSTER 



Here is the Sea Monster: 




FACTS ABOUT THE SEA MONSTER 

1. The Sea Monster loves to eat all kinds of junk. 

2. When the Sea Monster is hungry, it can eat 1, 000 tons of junk at one meal. 
The Sea Monster is very hungry every six months. 

3. The Sea Monster can always eat 50 tons of junk a year. 

4. It will cost one-half million dollars to carry junk to the Sea Monster. 

5. Sometimes when the Sea Monster wants to have fun, it eats up an entire city 
such as San Diego or San Francisco. No one knows whether the Sea Monster 
is in a playful mood. 

NOW ANSWER THESE QUESTIONS: 

1. Can the Sea Monster get rid of all the junk piled up over Hip Town's streets? 

YES NO 

2. Can the Sea Monster get rid of ail the junk that Hip Town makes every year ? 

YES NO 

3. How much junk can the Sea Monster eat each year? TONS 

4. How much will it cost to use the Sea Monster for getting rid of Hip Town's 

junk? DOLLARS 
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Activity 7 

MOVING DAY FOE THE LEMMINGS 



SUMMARY 

The activity begins with a brief presentation by the teacher on the peculiar 
migratory trait of the lemming (a small, rat-like animal) . Over population 
sometimes causes massive, swarming migration of lemmings as they search 
for food . Students perform a simple paper-folding exercise in which they count 
number’s of folds and numbers of rectangles produced in folding, and relate 
them to geometric population growth. Finally, students solve a graphic prob- 
lem which poses an imaginary dilemma: Lemmings are depleting their food 
supply . Which generation will find it necessary to move in search of new food 
sources ? 

SOLO 



The student can count and compare numbers of squares on grids. 



MATERIALS 

© Pencils 

• Erasers 

• Three identical Moving Day for the Lemmings gamesheets for each student 
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TEACHER'S GUIDE 

1. Begin the activity with a brief description of the lemmings' search for 
food. The lemming is a small, rat -like creature that inhabits parts of 
Scandinavia. At times, huge numbers of lemmings have been observed 
rushing into the sea, to suicidal death. A steamship once reported 

it sailed for a quarter of an hour through several miles of lemmings 
swimming out to sea, where of course they drowned. 

In the 1500's, at the time the Spanish were exploring the New World, lem- 
mings sometimes appeared in such large numbers in parts of northern 
Europe that people believed they had dropped down from the sky . The 
reason for the sudden appearance of huge numbers of lemmings is an 
unbalancing in the animal's natural surroundings. Lacking sufficient food 
and space, the lemmings move in a massive swarm over land and rivers. 
It is believed that they often mistake a coastal beach for another river to 
ba crossed. The result is mass destruction, which balances the ecology 
for a time. 

2 . Tell students to place the sheet titled Guess the Number of Folds before 
them . Ask them to guess aloud how many times the paper can be folded in 
half; record each guess on the chalkboard. Tell students to begin folding 
the sheets (lined on one side) in half. (The connection to lemmings will be 
forthcoming.) An 8-1/2 x 11 sheet of paper can be folded (practically) 
only six times. This is the correct answer. Now ask the question: "How 
many rectangles have been made that are the same size as the folded up 
Sheet?" Students may open the folded sheets, look at the printed sides 
and see that the ruled lines coincide with the fold lines . The number of 
rectangles is 64. 

3. The relationship of six folds to 64 rectangles can be shown by overhead 
projection of the illustration titled Folding a Sheet of Paper. Here the 
teacher demonstrates how a simple folding process doubles the number of 



3 

ERIC 



39 



7=2 



Activity 7 



rectangles with each fold. Students may refold their sheets to follow how 
this doubling process occurs. 

The folding process can be used as a point of departure to explain how the 
lemmings sometimes find themselves pressed for feeding territory, which 
explains their swarming movements. Tell students to imagine a lemming 
population of two that doubles to produce four; that population doubles to 
produce eight, and so on* 

At this point the teacher may state briefly the Malthusian Theory, which 
proposed that all animal life on earth is doomed to starvation because popu- 
lations expand geometrically while food increases arithmetically . 

Show students how to solve Moving Day for the Lemmings, Tell the stu- 
dents to place the sheet titled Moving Day for the Lemmings horizontally 
before them. On the left-side grid are two "IPs*" These stand for two 
lemmings. On the right is a supply of food for the two lemmings (also two 
l, l , s n ). The numbers running upward (1 to 16) stand for generations. (Here 
it may be necessary to give a simple definition of n generation n as "the time 
in which children have been produced by a male and female lemming, ") The 
first generation (1) is circled to show that we are in the first generation, 
starting with two lemmings that were produced hy a male and female 

Explain the significance of the two sides as follows: The left-hand side will 
have lemmings added to it* The right-hand side will have food added to it. 
Lemmings will be added by always doubling the previous number. Added 
food will be shown by circling the next number in the vertical column. The 
illustration shows that two lemmings (on the left) have an entire row of food 
(on the right) available* Since one lemming consumes only one "square" of 
food, we see that in generation 1 there is more than enough food for the two 
lemmings. 

To see what happens in the second generation, we circle the number 2. Any 
number of lemmings on the left-hand side may eat the food in rows 1 and 
two; but there must be one square of food available for each lemming. Now 
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we account for the lemmings in generation 2. To do so, we write in four 
S’s on the left-hand side, (Each time we add lemmings, we double the 
previous number (ec ± it) of lemmings of the previous generation,) The 
new number of lemmings is six. 

9. Now we must show the food needs of generation 2. The food needs of 

generation 2 are six squares, (We must feed the lemmings of generation! 
as well as the lemmings of generation 2.) To show the food needs of gen- 
eration 2, we write six 2 ! s in the food spaces. It is obvious that there Is 
more than enough food in the food rows of generation 1 and 2 to feed the 
lemmings so far » 

10. This process is repeated until it is seen that the food available in the gen- 
eration number just circled (plus the food available from preceding genera- 
tions) is not sufficient to feed the new number of lemmings. 

11. This critical point arrives in generation 5, Generation 5 is "moving day" 
for the lemmings, who must go in search of new sources, 

12. Each student is supplied with two extra sheets to use if he mars his 
original exercise sheet. 
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FOLDING A SHEET OF PAPER 



NO FOLDS 
(1 RECTANGLE) 




1 FOLD 1 FOLD 

(2 RECTANGLES) DOUBLES 1 

“ 2 RECTANGLES 




2 FOLDS 2 FOLDS 

(4 RECTANGLES) DOUBLES 2 

= 4 RECTANGLES 




3 FOLDS 
(8 RECTANGLES) 



3 FOLDS 
DOUBLES 4 
= 8 RECTANGLES 



AND SO ON 



6 FOLDS 
DOUBLES 32 
= 64 RECTANGLES 
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SOLUTION : Lemmings must move during the fifth generation 



Unit 4 



Activity 7 

MOVING DAY FOR THE LEMMINGS 

A lemming is a small animial that looks like a rat. Look at Figure 7-1, which 
shows millions of lemmings on the move. Can you figure out why they are 
moving? Your teacher will explain why. 




Figure 7-1 Lemmings on the Move 
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QUESTION: In which generation must the lemmings move? 
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Activity 5 
RACE TO THE HOSPITAL 



SUMMARY 

Students play a simple game which entails following directions that 
are presented both verbally and on an instruction sheet. The game 
also involves a numerical "look-up" table. The object of the game is 
to roll certain numbers on a die three times in a row. Students tally 
their results and compare them with chance. In a second round, students 
are told to concentrate on trying to achieve the desired die value. 
Again, they tally results and check to see whether or not concentra- 
tion has produced higher scores, 

SOLO 

The student can us# a simple "look-up" table. 

MATERIALS 

1. Student’s Activity 5 

2. Dice (l per student) 

3. Pencils 
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TE1CHER * S GUIDE 



1* Tell students that they are going to play a game called "Race to 
the Hospital," which is meant to show whether dice can be made to 
fall the way someone wishes them to fall. 

2. Tell students to look at the cartoon figure titled RACE TO THE 

HOSPIT'Tj, Tell students that the ambulance has a woman in it who 
is about to have a baby. The ambulance driver and doctor are 
rushing the woman to the hospital. But there are three problems 
in the form of three drawbridges, (Some students may need to be 
told that a drawbridge can be raised to let boats pass by. Dur- 
ing that time, nothing can go over the bridge.) 

3» If a boat is passing under the bridge, the ambulance driver will 
have to stop, and the baby will be born in the ambulance. This is 
perfectly all right, except that the mother would prefer to have 
her baby born in the hospital, 

4, When students play the game, they will roll dice to tell whether 
the bridges are up or down. The ambulance must get over all 
three bridges in a row for the baby to be born in the hospital, 

5- Explain how the game is played, referring students to INSTRUCTIONS 
AND SCORESHEET, 

6. Each student has a single die, which he rolls, endeavoring to come 
up with three odd numbers in a row. Each time the student throws 
the die, he is at one of the drawbridges. If he throws an odd 
number, he can pass over the drawbridge. He must throw three odd 
numbers in a row to get over all three drawbridges and have the 
baby born in the hospital. If he does, he scores a cheek mark for 
that round. 
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7, If the student throws an even number, he Is out — whether this occurs 
on the first, second, or third throw. He scores an X for that round, 
indicating that the baby was born in the ambulance. 



8. Probability theory states that, if the chance of throwing an odd 
number (getting over one drawbridge) is l/2 (there is an equal 
chance that the bridge is up or down), the total probability of 
throwing three odd numbers in a row (getting over three draw- 
bridges) is: 

1/2 x 1/2 x 1/2 s 1/8 

In each set of eight rounds, therefore, there is only one chance 
that the ambulance will make it over all three drawbridges and 
that the baby will be born in the hospital. In all four sets of 
rounds (total of 32 ) there are four chances. 

9* Tell the students that they should throw the die for a total of 
32 rounds (see INSTRUCTIONS AND SCORESHEET) » At the end of each 
set of eight rounds, they should count up the number of checks 
and write the number on the line. 

10. Have students perform the activity independently. 



11. When each student is finished and has summed his scores, he should 
know whether or not he scored higher than chance. The student is 
now ready for the second part of the experiment. 

12. Using another SCORESHEET, each student should repeat the activity, 
while concentrating on throwing odd numbers . 

13. After students have thrown the second set of 32 rounds and totaled 
their scores, have each one compare his score with the first set 
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of 32 rounds. How uiany did better the second time? If you wish, 
you may see who had the greatest increase, 

l4* Students who are especially fast should be allowed to complete a 
third set if they wish, 

15. Complete the exercise with a statement that this was a demonstra- 
tion of chance. For the type of problem that was described, the 
ambulance could be expected to get over all three drawbridges 
only one time out of eight. By throwing dice, students found out 
that they could not get through as often as they wished. The 
M concentration" part of the exercise was included so that students 
could see whether they performed better when they concentrated on 
throwing certain numbers . 
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AMBULANCE 
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INSTRUCTIONS AND SCORESHEET 

ROLL THE DEE 



Odd numbers 

1, 3, 5 


Yes 


You got over the drawbridge. 


Even numbers 
2, 4, 6 


No 


You did not get over the drawbridge. 



GETTING OVER ALL THREE DRAWBRIDGES 

1. Roll the die. You have three rolls in each round. 

2. You must roll an odd number to get over the drawbridge. 

3* If you roll three odd numbers in a row, the ambulance got 
over all three drawbridges. 

4. If you throw an even number any time In a round, the 
ambulance did not get over all three drawbridges. 

KEEP SCORE HERE 

1. If the baby was born in the hospital (3 yeses in a row), 
make a cheek (y/ )* 

2, If the baby was bom in the ambulance, write an X. 



Round No. 


Round No. 


Round No, 


Round No* 


1 ___ 


9 


17 


25 


2 


10 


18 


26 


3 _ 


11 


19 


27 


4 


12 


20 


28 


5 


13 


21 


29 


6 


14 


22 


30 


7 


15 


23 


31 


8 _ 


16 


24 


32 


How many 
checks out 
of 8? 


How many 
checks out 
of 8? 


How many 
checks out 
of 8? 


How many 
checks out 
of 8? 
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Activities I 2 / 13 / 1 W 15 
CLASSROOM TEACHING CONTEST 



SUMMARY 

This is a. four-day effort that places students in role- orion ta tod teaching teams, 
Each team is given a set of materials to learn and discuss with one another* 
Following the discussion, each team member (whose responsibilities are spelled 
out in detail) prepares his part of the teaching job. After all the tearm are 
ready, each team presents its lesson to the class. Since this is a competition, 
at the conclusion of all the lessons, each team tests the class on the materials 
that it taught. The team that elicits the largest number of correct answers is 
declared the winner. A follow-up discussion gives students the opportunity to 
critique their approach to teaching. 



SOLO'S 

1, The student can follow printed instructions, 

2, The student can correctly answer four questions out of five on 
tests of specified complexity on: 

a. Map contour lines 

b. Area of a parallelogram 

c . Temperature conversion 
d « Torque 

ROLES (EACH TEAM* FOUR TEAMS IN EACH CLASS) 



* Team Teacher (Two) i 



Read lesson materials; decide how to teach lesson; 
work with other students who prepare chart (s) and 
one-page handout. 



* Chart Makers 



Reads lesson materials; works with Team Teachers 
to prepare chart (s) 



* Materials Spec- 
ialist! 



Reads lesson materials; works with Team Teachers 
to prepare one-page handout and five-question 
true-or-false test to be administered at end of 
simulation 



♦ Scheduling and 
Supplies Spec- 
ialist? 



Reads lesson materials; obtains required materials 
from R-3 teacher and distributes it to team members; 
offers "fill-in" assistance to fellow team members. 
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STUDENT ACHIEVEMENT LEVELS 

* All th© roles require an ability to read at, or near, grade level. 

* At least one of the Team Teachers should be a high-achieving student. 

* Reading and arithmetic ability levels for the roles are as follows? 

Team Teachers - Highest 
Materials Specialist 
Chart Maker 

Scheduling and Supplies Specialist - Lowest 

MATERIALS 
1. Pencils 

2* One set of student materials for each student, (Each student receiver a 
set of instructions and a set of lesson materials. Instructions are the 
same for all students in th© class. Each team member recives a set of 
lesson materials that are unique to his team.) 

3. Five rulers (or straight edges), 12-inch 

4, 10 sheets of chart paper 

5# Five crayons (black, or dark color) 

6, Approximately 20 sheets of 8-1/2" x 11 M scrap paper 
7- Access to reproduction machine (Xerox or other) for reproducing 
student- prepared one-page handouts and short tests. Total number 
of copies is 40. 

RATIONALE 

By actually involving themselves in the creative process of teaching, students 
should be motivated to learn the materials they are to present. The competitive 
aspect of the simulation should heighten students’ desires to excel at their 
individual tasks. 
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Teacher Guide 



1. This material should take four days. If time is available, the teacher 
may wish to schedule an additional day, or part of a day, to provide more 
time for review and class discussion, 

2, The objective of this material is to give students the experience of pre- 
paring a lesson (from material that they read and learn), teaching it, and 
measuring effectiveness of their teaching. The emphasis is on team-work, 
and the R-3 teacher's role should be centered on "keeping students on the 
track," iS&ch student's role is spelled out in his instructions. The 
teacher should ascertain that the lower achieving students understand 
their roles and are carrying them out, 

3* The activities culminate in a student-administered test, which measures 
each team's teaching skill. The instructions call for the student to 
prepare a five-question true-or- false test on his team's material. The 
R-3 teacher should be highly critical of the student-prepared test. If 
the test does not appear to be reasonable, suggestions should he made to 
the student to change it. The test is reproduced by the teacher (20 copies) 
and returned to the student, who administers the test, 

k. Begin the first day's activity by explaining the role of teaching as a 
public service profession in our society* The students probably have 
little awareness of the fact that in most countries of the world, edu- 
cational opportunities are sparse or non-existent, Explain to the class 
that ours is on© of the few countries in the world where unlimited educational 
opportunity is open to all people. Spend a few minutes asking students to 
conjecture what the United States would be like if public education 
ware not available after the sixth grade, or if there were no public 
education whatever. 
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5. Stress the fact that in a democratic society where decisions are left 
to all the voting citizens , our quality of life depends directly on 
the people. A well-educated citizenry is essential in a democracy. Ex- 
plain further that our society is becoming so complex that the ability of 
someone to meet society 's needs is directly dependent on how much education 
h© has* 

6# Tell the class that the following activity will show them how information 
is conveyed through teaching* Point out that the information they will 
work with is typical of the kind that is taught in all technological 
societies . 

7, Announce that the teaching simulations will take the form of a contest. 

The class will be divided into teams# Each team will consist of the 
followings 



( Information for teacher ; Because the Team Teacher's roles are crucial 
there are two* This is to increase the chances that at least one will 
be present at school on the day the lesson is "taught *" If necessary, 
one student can "double up" on the other roles.) 

8. Tell the class that each student will be given a set of general in- 
structions that tell how the Classroom Teaching Contest will be conducted. 
The instructions tell each student what he or she is to do, and how the 
team will work together, 

9. In addition to the general instructions, each student iri.ll also receive 

a copy of the lesson materials that his team will learn and teach to the 
entire class* Explain that each team will have a different lesson. With 
four teams i;; the class, there will be four different lessons (on different 
subjects) # 



One Chartmaker 

One Katerials Specialist 

One Scheduling and Supplies Specialist 

Two Team Teachers 
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10. 


Explain that each team must work together to do a good job. Tell how the 
winning team will he selected: After all the lessons have been taught 3 each 

team will give a short test on its material to the entire class. The team 
that produces the largest number of correct answers will he the winner. 


11, 


Go over the four-day schedule: 

Day 1 - Entire team reads and learns lesson that it will teach. 

Team discusses the lesson and what each member will do. 

Team starts preparing lesson. 

Day 2 - Team completes preparations and paper work. Material 
to he reproduced is turned over to R-3 teacher, 

(information for teacher: Advance notice of the need for 

reproduction support should be furnished to the R-3 Project 
Office, Each R-3 class will require the reproduction of two 
masters * 20 copies each -- for a total of 40 reproduced pages.) 

Day 3 - All reproduced materials ready. Team Teachers teach lesson. 
Class tested. 


■4 

12. 


Day k - Continuation of lesson teaching and testing. Winner selected. 
Class review and discussion. 

Divide the class into teams. Designate a high achiever as one of the Team 
Teachers; the other Team Teacher may be a low achiever. The result of this 
pairing should be beneficial. The least demanding role is that of Scheduling 
and Supplies Specialist, 


13- 


Hand out packets of student materials. Encourage the teams to read the mater- 
ials "on their own/ 1 and not to ask you for assistance unless they absolutely 
require it. Monitor progress and adherence to instructions. 
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CLASSROOM TEACHING CONTEST 

(writ© your name hare) 

Instructions ; 

1. You are about to take part in a classroom teaching contest that vail last 
four days# 

2. The class will be divided into teams, Each team will prepare a lesson and 
teach it to the class. 

3# Each member of the team will have an important job to do# To win the con- 
test, your team will have to work together and do a good job. 

4, After all the teams have taught their lessons, the best team will be se- 
lected as the contest winner. 

5# You will be assigned a job with specific responsibilities. Check the 
name of your job; 

__Chart Maker 

M aterials Specialist 

S cheduling and Supplies Specialist 
T eam Teacher (two in each team) 

After you are assigned a job, turn to the next page. 
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TOUR JOB RESPONSIBILITIES 



Instruct ! 

Place- a cheek mark next to the job assigned to you, 

2m Read your own job responsibilities 3 

Chart Maker ; 

1, Work with the two Team Teachers and agree on th© chart or charts 
needed for the lesson* 

2, Draw sketches of the chart (s) you plan to make* 

3. Have the Team Teachers approve your sketches. 

4. Draw Large Charts, 

Materials Specialist ; 

1, Work with the T©am Teachers, and prepare a rough draft of a handout 

(1 page) s The handout should help the teachers to teach their lesson. 

It may have writing, pictures 9 or both* 

2, After the Team Teachers approve your handout, have it reproduced (about 
20 copies). Set th© copies asid© until the Team Teachers are ready to 
us© them, 

3* Prepare a 5-question true-or-false test on the lesson. Do not let anyone 
beside the Team Teachers see the test. You will give the test 
after the lesson has been taught. 

Scheduling and Supplies Specialist s 

1, Look at the following schedule, and make sure your team members follow 
it; 

Day 1 - Entire team reads and learns the lesson that will 

be taught. Team discusses th© lesson and what each 
member is to do* Team starts preparing lesson. 
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YOU?, JOB RESPONSIBILITIES , CONT'B 
Day 2 - Team completes preparations and paper work. Materials 
Specialist's handout must be reproduced overnight. 

Tests must also be reproduced overnight, 

fey 3 ~ SO copies of Materials Specialist's materials ready. 

Chart(s) ready. Team Teachers ready to teach lesson* 

Materials Specialist's tests ready. 

Team Teachers teach lesson. Materials Specialist gives 

test . 

fey 4 - If your team did not teach its lesson on fey 3* it 
teaches the lesson on Day 4# 

Class discussion of all lessons. Selection of winning team. 

2, Make sure your team members have all the materials they need- Obtain the 
materials from your R-3 teacher. You will need the following for your team 

* Pencils 

* Scrap paper for taking notes and making rough drafts. 

* One or two sheets of chart paper for the Chart Maker; 
crayons for the Chart Maker. 

•* Ruler for Chart Maker's and Materials Specialist's 
sketches and drawings. 



3, After Day 2's work is finished,, turn over the Materials Sxjeeialist 's hand' 
out page to your R~3 teacher for overnight reproduction. 20 copies are 
needed. Do the same with the Materials Specialist's test. 

k . Be ready to offer help to your fellow team members. 

Team Teacher (two in each team) : 

1. Decide with your fellow Team Teacher how the two of you will teach the 
lessons. Decide how you will divide the lesson,, who will teach what. 

Each of you will have about 5 to 7 minutes to teach. (Total of 10 to 
l4 minutes , } 
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YOUR JG3 RESPONSIBILITIES, CONT’D 



2, The Scheduling and Supplies Specialist will make sure you will have all 
the supplies you need and will remind you of what must be completed 
each day, 

3* The Chart >2a ker will draw charts that you may use. 

4, The Materials Specialist will prepare a handout page that you may pass 
out to the class. This will make your teaching job easier. 
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HS.PFUL HINTS 



In a t rue ti on s s 



1 # Plae© a check mark next to the job assigned to you, 

2, Read th© halpful hints for your job. 

Chart Maker : 

* Before you nak© a large chart, draw some small sketches. Make sure 
the sketch shows th© main ideas of the lesson. You may wish to have 
the sketch (and chart) show an example. Decide with the Team Teachers, 

* Draw the large chart so that everyone in th© room can see the details 
and read the printing* * 

* Don’t put too much detail on the. chart. 

Materials Specialist ; 

* Make a rough of your 1-pag© handout. It could show an outline of what th© 
Team Teachers will teach. It could show a sketch, or an example worked out. 
It can have pictures or printing (or both). Decide with the Team Teachers 
what it should show. Do not copy th© Chart Maker’s chart, 

* When you print the final copy, use a dark pencil, and press down hard. 

The final copy must b© clear, sine© it will be reproduced by a copying 
machine, 

* When you prepare your 5-^uastion true-or-false test, take your questions 
out of the lesson material (that you will read). Ma ko th© questions short, 
but make sure they cover the main points of the lesson, If you let anyone 
other than the two Team Teacher's see your questions* th© test, will be useless. 
Print a clear copy of your test to he reproduced. 
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HELPFUL HINTS, CONT'D 
Scheduling and Supplies Specialist : 

* Give gentle reminders to your fellow team members about the schedule* * 

Don ’ t bug them . 

* If your team is falling behind schedule 9 give help to get them on schedule* 
Team Teachers : 

* You may not read the lesson to the class. Take notes, and use them to 
teach the lesson. Use the handout to describe what you 1 re teaching. 

■* Use the chalkboard and chart (s) to describe what you are teaching* 

* Divide the work so that each of you teaches part of the lesson. 
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TORQUE (pronounced M tork M ) 



Instructions ? 

1* All team members read this lesson. This is what you will teach to the class* 

2 9 After everyone on your team has read it, discuss it with one another. 

Decide how the material should be taught# 

3* Do not copy anything word-for-word or Mso-f or-line , Take the information 
you need and make notes or sketches, 

Everyone has been on a "sea-saw” or "teeter-totter" as a child# Can you remember 
how you had to move up and down along th© board to make it balance? 



By simply sliding along th© board, you could find the position which made 
the board balance. Without knowing it, you were demonstrating an idea in the 
field of physics. The idea is called "torque" (pronounced "tork, ” like "perk”). 

A torque is a force that causes rotation. Here are some other examples of torque? 




Does not Balance 



Does Balance 



When we wish to measure a torque, we have to know two things; 




1, Th© amount of force (usually in pounds) 

2 m Th© distance from th© balance point (inches or feet) 



Torque is equal to force times distance. Look at the cartoon above. 
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If the heavy student weighs 200 pounds and is 9 feet from the center of the see-saw, 
how much torque does he set into operation? 

Torque -= force x distance 
= 200 lb x 9 ft 

= IdOO lb -ft (Notice the units for torque, pound- feet * ) 

The light student weighs BO pounds and is 10 feet fran the center of the see-saw. 

How much torque does he put into operation? 

Torque - force x distance 
= BO lb x 10 ft 
= 80 lb -ft 

Now you are ready to notice something interest Ing about torque. You know how to 
measure torque (multiply force times distance)* You must know how the forces move. 
On a see-saw if the heavier weight is on the left, the rotation (circular movement) 
is counter-clockwise: 

( 

If the heavier weight were on the right, the movement would be clockwise * 




With this knowledge about torque, you should be able to solve this problem: 




This looks very difficult t but it is really easy to solve 



WHICH WAY WILL THE 
SEE-SAW GO? 

Clockwise or Counter- 
clockwise? 



1. Add up the torques on the left. Remember^ torque = force x distance. 



1 lb x 10 ft = 10 lb -ft 

3 lb x 1* ft = 12 Ib-ft 

22 lb -ft in a counter-clockwise direction 



2. Add up the torques on the right. 

1 lb x 7 ft = 7 lb-ft 

4 lb x 10 ft = 40 lb-ft 
57 lb-ft 

3- Compare torques* The see-saw will move in the direction of the greater 
torque* Of course, it moves clockwise * 
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